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TITLE OF THE INVENTION 

Method for manufacturing an organic electronic device and or- 
ganic electronic device 

5 

BACKGROUND OF THE INVENTION 

This invention relates to a method for manufacturing an or- 
ganic electro- luminescent display device, and more particu- 
10 larly to an organic electro- luminescent display device in- 
cluding an organic electro- luminescent medium and an elec- 
tronic-device being manufactured after this method . 

A conventional organic electro- luminescent element includes a 
15 transparent film-like ITO electrode formed on a glass sub- 
strate, a hole transport layer arranged on the ITO electrode 
though as to cover it, a film-like luminous layer formed on 
the hole transport layer, and an upper electrode formed on 
the luminous layer - 

20 

In the conventional electro-luminescent element thus con- 
structed, when a negative DC voltage and a positive DC volt- 
age are applied to the upper electrode and ITO electrode, re- 
spectively, holes injected from the ITO electrode are in- 

25 jected into the luminous layer while being transported 

through the hole transport layer. Whereas, electrons are in- 
jected from the upper electrode in the luminous layer, so 
that the electrons thus injected and the holes injected from 
the hole transport layer are recombined with each other in 

3 0 the luminous layer . 

Such a recombination leads to luminescence of the luminous 
layer, which may be observed through the light -permeable hole 
transport layer, ITO electrode and glass substrate. 

35 

An organic electro-luminescent display device utilizing a lu- 
minous principle of the electro- luminescent element thus 
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formed is constructed in such a manner that a plurality of 
ITO electrodes each acting as a lower electrode are formed in 
a stripe -like manner and a plurality of upper electrodes are 
arranged in a stripe-like manner and so as to extend in a di- 
5 rection perpendicular to the stripe-like ITO electrodes, re- 
sulting in forming a matrix by cooperation between the ITO 
electrodes and the upper electrodes. Then, the matrix is 
scanned by a drive means, so that luminescence of picture 
cells defined at intersections on the matrix is controlled in 
10 order by an image signal, leading to display of an image. 

In such image display, riesolution is determined depending on 
a width of each of the ITO electrodes and upper electrodes 
arranged in a stripe-like manner. The width is desirably as 
15 small as ten microns or less in view of resolution required. 

In general, the ITO electrodes and upper electrodes each are 
formed by mask deposition. Unfortunately, the mask deposition 
fails to form a fine pattern as small as 0 . 1 mm or less. Wet 

20 chemical patterning technics permit formation of fine or pre- 
cise patterns. However, wet etching causes an organic elec- 
tro-luminescent medium to be contacted with an etching liquid 
or the like, to thereby be deteriorated in characteristics, 
so that the quality of image display and durability thereof 

25 is deteriorated. 

An organic electro- luminescent display device and method for 
manufacturing the same which is intended to solve such a 
problem as described above is proposed in US 5,804,917. This 

30 display device includes a lower svibstrate made of a transpar- 
ent material, which has a plurality of light -permiable trans- 
parent electrodes made of ITO or the like and arranged 
thereon in a stripe-like manner. The display device further 
includes an organic layer made of an organic electro- 

35 luminescent medium and arranged between each adjacent two of 
a plurality of ribs so as to extend in a direction perpen- 
dicular to the transparent electrodes. The organic layers 
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each have an upper elctrode formed on only a whole upper sur- 
face thereof. The upper electrodes are arranged in a stripe- 
like manner. The ribs are made of an insulating material and 
arranged so as to be spaced from each other at predetermined 
5 intervals and extend in a direction perpendicular to the 
transparent electrodes. The ribs each function as a spacer 
for supporting an upper substrate and lower transparent sub- 
strate while spacing both substrates from each other at a 
predetermined interval. The ribs may be made of a suitable 
10 material such as a lead glass having a black pigment added 

thereto or the like and arranged so as to be perpendicular to 
the transparent electrodes. 

Between each adjacent two of the ribs the organic layer act- 
15 ing as a light emitter and the upper electrodes which are in 
the form of a thin film are laminatedly arranged in order. 
The organic layers and upper electrodes are arranged so as to 
be perpendicular to the transparent electrodes. 

20 Manufacturing of the display device constructed in such a 
manner as described above and in particular forming of the 
upper electrodes requires quite complicated process steps. 
The upper electrodes are formed in the form of a film on the 
organic layer. In one suggested process the process is a 

2 5 mask- less process which takes place without using a mask. 

More particularly, a conductive material for the upper elec- 
trodes is deposited on the transparent electrodes on which 
the organic layers and ribs are formed. Then, a portion of 
the material formed on the ribs is removed by scraping, rub- 

30 bing or the like. Removing of the conductive material formed 
on the ribs has to be carried out by using a mechanical proc- 
ess, thereby adding costs for manufacturing. 

SUMMARY OF THE INVENTION 
35 The present invention has been made in view of the forgoing 
disadvantage of the prior art. 
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Accordingly, it is an object of the present invention to pro- 
vide a method for manufacturing an organic electro- 
luminescent display device which is capable of forming upper 
electrodes in a fine pattern. 

5 

It is another object of the present invention to provide a 
method to enable a process which is much more easier and less 
expensive than the method of the prior art . 

10 It is a further object of the present invention to provide an 
organic electro-luminescent display device which is capable 
of forming upper electrodes in a fine pattern and which is 
capable of exhibiting improved durability. 

15 The present invention meets these needs by providing a ifiethod 
for manufacturing an organic electro- luminescent display de- 
vice according to base claim 1. Further, the present inven- 
tion meets these need by providing an organic electronic de- 
vice according to base claim 15 . Favourable embodiment of the 

20 invention are subject of further dependent claims. 

The method for manufacturing an organic electro- luminescent 
display device comprises the steps of: 

providing a light -permeable s\ibstrate; 
25 arranging at least one transparent electrode on the 

light -permeable substrate, the transparent electrodes being 
made of a light -permeable conductive film; 

forming at least one organic layer on the subassembly, 
the at least one organic layer being made of an organic elec- 
30 tro-luminescent medium so that the at least one organic layer 
covers the electrodes; 

forming a conductive film all over the at least one or- 
ganic layer; and 

removing at least one portion of the conductive film 
35 so as to create electrodes being electrical isolated to each 
other using a radiation method. Preferable a plurality of 
transparent electrodes is arranged in a stripe -like manner on 
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the substrate and stripe-like electrodes extending a direc- 
tion perpendicular to the transparent electrodes are created 
of the conductive film. 

5 In contrast to conventional methods for manufacturing a dis- 
play device, the method of the present invention removes 
parts of the conductive film by using a radiation method. The 
radiation method may comprise using a laser beam or using an 
electron beam (e-beam) . With a radiation method it is possi- 
10 ble to form upper electrodes in a very fine pattern without 
the need of using a mechanical process for removing parts of 
the conductive film. Therefore the method according to the 
present invention is much more easier and quicker to carry 
out, thus reducing costs of manufacturing, 

15 

Furthermore it is not necessary to provide insulating ribs or 
any insulating material which has been used in the past to 
separate the upper stripe-like electrodes. 

20 By using a radiation method for removing at least one portion 
of the conductive film so as to create stripe-electrodes be- 
ing electrical isolated to each other the portions to be re- 
moved can be defined that precise that the plurality of 
transparent electrodes will not be hurt. 

25 

In another embodiment the step of at least removing the con- 
ductive film may comprise removing of at least a portion of 
the organic layer. So the organic layer can be removed at all 
or only partially. In the latter a groove or a valley will be 
3 0 formed within the organic layer. 

The step of forming a conductive film can be carried out by 
vacuum deposition. With this method it is very easy to build 
a conductive film over the at least one organic layer. Of 
35 course it is possible to use any other method known in the 

prior art, which is suitable for forming the conductive ' film 
over the at least one organic layer. 
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In another favourable embodiment the method for manufacturing 
the display device may futher comprise the step of forming a 
plurality of insulating ribs in a stripe-like manner on the 
transparent electrodes so as to extend in a direction perpen- 
dicular to transparent electrodes and removing the at least 
one portion of the conductive film on the insulating ribs us- 
ing a radiation method. As disclosed in the US 5,804,917 this 
embodiment also includes the step of forming of insulating 
ribs. The height of the insulating ribs according to the in- 
vention is not relevant. The purpose of the insulating ribs 
is to provide a layer in which the radiation can engage so 
that there is no danger to hurt the organic layer and espe- 
cially the transparent electrodes. The conductive film on the 
insulating ribs could be removed completely. But as will be 
apparent to one skilled in the art it is sufficient to remove 
only that much of the conductive film so that an isolation is 
achieved . 

Preferrably the step of forming the plurality of ribs on the 
transparent electrodes comprises arranging the plurality of 
ribs in laterally spaced rows so as to be parallel to each 
other. In doing so it is ensured that insulating material is 
provided in these positions where the conductive film will be 
removed in the removing - s tep . 

It is preferred, when the step of forming the plurality of 
ribs on the transparent electrodes comprises providing heat 
to the ribs to cross-link the material of the ribs. The insu- 
lating material will be resistant against solving agents and 
chemicals which may be used in further process steps. 

In one embodiment the plurality of ribs are made of a pho- 
toresist and will be subjected to heat of approximately 
220°C. 

Further, it is preferred when the step of forming the plural- 
ity of ribs on the transparent electrodes comprises chamfer- 
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ing the edges of the ribs opposite to the transparent elec- 
trodes. Chamfering of the edges causes no problems with the 
following step of applying PEDOT and PPV, which represent ma- 
terials of the at least one organic layer. 

5 

In onother embodiment of the present invention the step of at 
least removing the conductive film may comprise removing of 
at least a portion of the insulating rib. This situation may 
appear, when it is not possible to adjust the laser or elec- 
10 tron beam that precisely to only remove parts of the conduc- 
tive film. Thereby, removing of the at least one organic 
layer and the insulating rib may cause the shape of an *'U" of 
the insulating member. 

15 It is pointed out, when the step of forming a plurality of 
insulating ribs in a stripe- like manner on the transparent 
electrodes is provided, this step will be carried out prior 
to forming the at least one organic layer and the conductive 
film or over the at least one organic layer. 

20 

The organic electro- luminescent display device according to 
the present invention comprises: 

a light -permeable substrate; 

at least one transparent electrode arranged on the 
25 light -permeable substrate and formed of a light -permeable 
conductive film; 

a plurality of insulating members comprising a valley 
and consisting at least partially of an insulating material 
and arranged on the transparent electrodes; 
30 at least one organic layer each formed of an organic 

electro-luminescent medium and arranged at least between each 
adjacent two of the insulating members; and 

upper electrodes each made of a conductive film depos- 
ited all over the at least one organic layer. 

35 

Preferably a plurality of transparent electrodes is arranged 
on the substrate in a stripe-like manner. Accordingly the in- 
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sulating members are foritied in a stripe -like manner on the 
transparent electrodes extending in a direction perpendicular 
to the transparent electrodes. 

5 Due to the fact, that removing of at least one portion of the 
conductive film is carried out by a radiation method, the in- 
sulating members will comprise a valley or a groove. 

The insulating member may comprise portions of the organic 
10 electro-luminescent medium in the case, no insulating ribs 
were formed on the transparent electrodes - 

In another embodiment the insulating member may comprise an 
insulating material provided to create insulating ribs and 
15 the organic electro -luminescent medium on top of it. 

Depending on how much material has been removed by the laser 
beam or the electron beam, the insulating member may comprise 
in a further ext±)odiment an insulating material provided to 
20 create insulating ribs, the organic electro-luminescent me- 
dium on top of it and part of the conductive film. 

In all mentioned embodiments the insulating member may have 
the shape of an ^^U" . The ends of the legs of the *^U" may com- 
25 prise the medium of the at least one organic layer and fur- 
ther material of the conductive film. 

In the following the invention will be explained in more de- 
tail by figures. All figures are just simplified schematic 
3 0 representations presented for illustrations purposes only. 

DESCRIPTIONS OF THE DAWINGS 

35 Figure la-d illustrate different steps in an example of 

forming a subassembly for an organic electro- 
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luminescence display device of the present in- 
vention, and 

figures 2a-d illustrate different steps in another example 
5 of forming a subassembly for an organic elec- 

tro-luminescent display device of the present 
invention. 

Now, a method for manufacturing an organic electro- 
10 luminescent display device according to the present invention 
will be described herein after with reference to figures la- 
Id. Referring first to figure la a transparent substrate 1 is 
provided. The substrate is made of an insulating material 
such as glass or the like. A plurality of light -permeable 
15 transparent electrodes 2 made of ITO or the like are arranged 
thereon in a stripe-like manner. Since figures la- Id show 
cross sectional views only one stripe is visible. The trans- 
parent ITO electrodes comprise a thickness of about 100 nm 
and can be structured with conventional methods in stripes • 
20 The light -permeable electrodes 2 constitute the anodes of the 
display device. Furtherrnore , a plurality of insulating ribs 6 
are arranged on the transparent electrodes so as to extend in 
a direction perpendicular to the transparent electrodes 2 . 

25 The insulating ribs are positioned to build the spacings be- 
tween the later formed cathode electrodes. The insulating 
ribs, preferrably made of photo resist, will be heated to ap- 
proximately 220 °C thereby getting cross -linked and resistant 
against solving agents and chemicals. At the same time the 

30 edges of the insulating ribs 6 opposite to the transparent 
electrodes 2 will be chamfered. Chamfering of the edges of 
the insulating ribs 6 is favorable when providing the at 
least one organic layer 3 (figure lb) and the conductive film 
for (figure Ic) which will be formed all over the at least 

35 one organic layer 3. 
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Although only one organic layer 3 is illustrated in this em- 
bodiment it is apparent to one skilled in the art, that a 
predetermined number of functional layers each built of an 
organic material can be provided. For instance the organic 
5 layer can be build of PEDOT which has a thic3cness of about 

100 nm and PPV which has a thickness of approximately 100 nm. 
The conductive film forming the cathode electrodes can be 
build of calcium with a thickness of approximately 10 nm and 
aluminium with a thickness of approximately 3 00 nm. The con- 
10 ductive film can be build by vacuum deposition. 

When the thickness of the conductive film 4 is higher than 
the height of the insulating ribs 6 adjacent cathode stripes 
extending perpendicular to the stripe-like transparent elec- 

15 trodes can comprise an electric connection. To ensure that 

there will be an isolation between each adjacent stripe- like 
electrode 4 at least one portion of the conductive film on 
the insulating ribs will be removed using a radiation method. 
Advantageously a laser beam or an electron beam will be used 

20 for removing parts of the conductive film. 

Figure Id depicts four different examples of the insulating 
member after carrying out the radiation method. In the most 
left example the conductive film 4 on the insulating rib is 

25 removed completely. Additionally a portion of organic layer 3 
has been removed thereby forming a valley or a groove. In the 
right adjacent example the insulating member has the shape of 
an '^U" . The laser or electron beam has removed parts of the 
conductive layer 4, of the at least one organic layers 3 and 

30 the insulating rib 6. As the next adjacent example shows, the 
groove can extend to the transparent electrode. When carrying 
out the radiation method it has to be ensured that the trans- 
parent electrode 2 will not be hurt. If the transparent elec- 
trodes 2 are separated by the laser or electron beam the 

35 functionality of the display device can be no more longer 

maintained. The relative thick insulating ribs 6 help to pre- 
vent, the transparent electrode 2 not be hurt even if more 
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material than the conductive film is removed. The outermost 
right example shows an insulating member where the conductive 
film 4 and the at least one organic layer 3 have been re- 
moved. As noted above a slight valley in the insulating rib 
5 is the result. 

In contrast to the first embodiment figures 2a - 2d show an- 
other embodiment of a method for manufacturing a display de- 
vice where no insulating ribs are provided (figure 2a) . As 

10 shown in figure 2b the at least one organic layer 3 is formed 
all over the transparent electrodes 2. Accordingly the con- 
ductive film 4 is formed all over the at least one organic 
layer 3. Electric isolation between the stripe-like elec- 
trodes 4 is carried out by using a radiation method. As a re- 

15 suit portions of the conductive film will be removed using a 
laser or an electron beam so as to create the stripe-like 
electrodes beeing electrical isolated to each other and ex- 
tending in a direction perpendicular to the transparent elec- 
trodes. As can be seen in figure 2d at these places small 

20 valleys in the at least one organic layer have been created. 

Further steps to create an organic electro-luminescent dis- 
play device comprising an upper substrate made of an insulat- 
ing material such as glass or the like and having a getter 
25 material application area is well known to those skilled in 
the art . A detailed example of such an electronic device is 
illustrated in US 5,804,917. 

The method according to the present invention is very advan- 
3 0 tageous for building passive matrix displays, organic display 
devices with structured lightning areas and segmented OLED- 
displays. The structuring of electrodes using a radiation 
method is very advantageous because of a very high resolution 
of focussed laser beams. It is possible to create a display 
35 device without using shadow masks. By separating the cathode 
stripes a high yield and process security is provided. By us- 
ing insulating ribs it is assured that whether the transpar- 
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ent substrate nor the transparent electrodes will be hurt. 
The process is much more easier compared to conventional 
structuring processes because several process steps can be 
dropped . 



